In this paper, we present a family of stiffly stable second derivative block methods (SDBMs) suitable for solving first-order stiff ordinary differential equations (ODEs). The methods proposed herein are consistent and zero stable, hence, they are convergent. Furthermore, we investigate the local truncation error and the region of absolute stability of the SDBMs. A flowchart, describing this procedure is illustrated. Some of the developed schemes are shown to be A-stable and L-stable, while some are found to be A(α)-stable. The numerical results show that our SDBMs are stiffly stable and give better approximations than the existing methods in the literature.
Introduction
Ordinary differential equations are very important when modeling physical systems in engineering and sciences. Examples of such systems are circuit theory, chemical kinetics, control theory, celestial mechanics and biology. The solution equations of these systems give insight into how the systems evolve and what the effects of changes in the 222 systems are. Consequently, the ODEs emanating from the real-life phenomena are highly non-linear and cannot be solved analytically. Hence, we need appropriate numerical methods to solve these problems. The problem of deriving more advanced and efficient methods for stiff problems has received a great deal of attention since the emergence of the famous theorem of Dahlquist [7] . As in Dahlquist [7] , a potentially good numerical method for the solution of stiff systems of ODEs must have good accuracy and reasonable wide region of absolute stability. As a matter of necessity, we will investigate the accuracy and the stability of the method to be presented in this paper through numerical experiment and stability analysis.
The backward differentiation formula (BDF) was introduced by Curtiss and Hirschfelder [6] and further development was made by Cash [4] . This was achieved by proposing a class of extended BDF of high order ODEs. Similarly, Chartier [5] and Fatunla [9] have independently improved on the BDF by deriving A-stable methods suitable for the integration of first-order initial value problems (IVPs). The search for higher order A-stable multistep methods is carried out in the two main directions: (1) use higher derivatives of the solutions, (2) throw in additional stages, off-step points, superfuture points. This leads into the large field general linear methods Hairer and Wanner [14] . However, the super-future points could be likened to the super-implicit points presented in Ibrahim and Ikhile [16] , Ibrahim and Ikhile [17] respectively for the case of special second-order linear multistep methods. Several authors have considered the second and higher derivatives methods because of the existence of A-stable higher multiderivative schemes, see for example, Enright [10] , Ismail and Ibrahim [18] , Kumleng and Sirisena [20] . Also, the combination of one-step procedures and the Runge-Kutta procedures was introduced by Gear [11] . In like manner, some numerical analysts have considered the development of this form of methods. Examples are the works presented in Butcher [3] , Gupta [12] , Mehdizadeh and Molayi [23] , Ngwane and Jator [26] . Lambert [19] opined that Milne in 1953 introduced block method for the sole aim of obtaining starting values for predictor-corrector algorithms. Furthermore, Rosser [28] generalized the idea of Milne into an algorithm, and nowadays, several authors have employed Rosser's approach to developing efficient numerical schemes. These authors include Ajie et al. [1] , Akinfenwa et al. [2] , Majid et al. [21] and Muka and Ikhile [24] .
In this work, we consider the block method for the numerical integration of stiff ODEs. We are spur by the fact that block methods are capable of obtaining numerical solutions at several points simultaneously as well as effectively formulated scheme capable of solving stiff IVPs in ODEs (stiffly stable). This paper is organized as follows: In Section 2, the formulation of second derivative block methods are considered as well as the pictorial representation of the algorithm. In Section 3, some basic properties of the block methods were investigated and analyzed. The numerical solutions and comparison have been drawn for some methods in Section 4 while the conclusion of the work is stated in Section 5.
We seek the numerical solution of the stiff IVP is continuous and differentiable.
In Zabidi et al. [30] , the two-point block method of the form
is proposed, where 
Development of the Second Derivative Block Method
Second derivative block method (SDBM) with high order is derived herein, the continuous form of (2) is proposed and extended to second derivative block formulation. In the spirit of Zabidi et al. [30] , the k-point, r block SDBM under consideration is of the form
where k is the number of points and r is the number of blocks, h is the mesh size, the 
Construction of the Second Derivative Block Method (SDBM)
In this section, we construct up to seven points second derivative block method using Mathematica Software, Borwein and Skerritt [32] . 
Two-point second derivative block method (SDBM)
To derive the two-point SDBM of the form (3), we set 
The algebraic coefficients obtained for the two-point SDBM yields 
Hence, the block form (4) 
The coefficients of seven-point second derivative block method
The seven-point SDBM for 7 = k is given by 
Stability Analysis of Methods
Theorem 1 (Chartier [5] 
.
As in Fatunla [9] , we state the preliminary definitions. 
Conclusion
In this paper, SDBM for the solution of first order IVP in ODEs is proposed. The methods are found to be consistent and zero stable. Furthermore, the result obtained in Figure 2 shows that some of the SDBM proposed herein are A-stable and L-stable, while some are A(α)-stable. Flowchart algorithm for the development of the SDBM is also presented herein. The SDBM is found to be suitable for the integration of stiff first-order IVP when applied on classical problems earlier studied in Zabidi et al. [30] , Hairer et al. [13] , Akinfenwa et al. [2] .
